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(54) Frameless stereotactic surgical apparatus 

(57) A frameless stereotactic tomographic scanner 
includes an imaging device defining a coordinate sys- 
tem in scanner space (II). A localizer device (30) 
includes a base portion mounted in a fixed relationship 
to the imaging device and a free end adapted for selec- 
tive movement into varied positions near a patient body 
disposed on the imaging device. A position transducer 
associated with the localizer device generates, in a 
localizer space (R), localizer device tip location infor- 
mation as the localizer device is moved near the patient 
body. A localizer space to scanner space transform 
processor converts the localizer tip location information 
to converted localizer tip location information in an 
image space (n). The imaging device is adapted to gen- 
erate patient body image information in the image 
space (n) regarding the patient body disposed on the 
device. A display unit is included for displaying the 
patient body image information together with the local- 
izer tip position information on a human readable dis- 
play monitor. The base portion of the localizer device is 
adapted for mounting onto the imaging device at a plu- 
rality of fixed positions. The imaging device includes an 
overhead track assembly defining the set of fixed local- 
izer device positions. A calibration phantom ( 1 20) is pro- 
vided including a set of imageable touch point sites 
(122) for generating a localizer space to scanner space 
vector (166) based on a pair of centroids developed in 
the scanner space (TT) and the localizer space during a 
calibration and verification process. 
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Description 

[0001 ] The present invention relates to frameless stereotactic surgical apparatus, especially for interactive image- 
guided surgery, ft finds particular application in conjunction with minimally invasive stereotactic surgery performed in 
tomographic, for example. CT imaging systems using a frameless mechanical arm device to guide surgical tools such 
as biopsy probes or the like and will be described with particular reference thereto, ft is to be appreciated, however that 
the invention is also applicable to a wide range of imaging equipment and minimally invasive stereotactic surgery pro- 
cedures including, for example, ultrasonic and magnetic resonance imaging devices and surgery performed using 
those devices. 

[0002] Heretofore, several systems have been proposed combining mechanical arm type mechanisms together with 
human anatomy imaging devices for performing certain interventional surgical procedures such as, for example the 
placement of catheters, drainage tubes, biopsy probes, or the like, within a patient's body. U.S. Patent No 5 142 930 
teaches a mechanical arm device associated with imaging system generating one or more images of a patient's anat- 
omy and displaying those images on a screen. A computer is used to track the location of a surgical tool connected to 
the mechanical arm as the arm is moved through physical space. The computer performs a transforming rotation of the 
physical space to the image space in order to cause the cfisplay device to show the location of the surgical tool within 
the patient's image space. Position feedback devices are arranged at each joint of the mechanical arm to detect rotation 
and angular movement of the arm segments for tracking the end tip of a tool on the arm relative to the position of fiducial 
implants disposed on or in the patients body. 

20 . P ne disadvantafle 01 the above system however, is the need for a bulky stereotactic localization frame. 

Although the system proposed above tracks the position of the tool carried on the arm relative to the arm's base mem- 
ber, the use of fiducial implants remains necessary to initialize a mapping transformation between the internal coordi- 
nate system of the surgical image and the external coordinate system of the mechanical arm. 
[0004] A frameless stereotactic tomographic scanner for image-guided interventional procedures that does not rely 
upon the bulky localization frame or the fiducial implants placed in the patient would reduce the setup time spent before 
surgery and, in addition, would provide a more accurate and repeatable positioning of the surgical tools or probes into 
the patient's body. 

[0005] U.S. Patent No. 5,622.1 70 teaches a surgical apparatus for determining the position and orientation of an inva- 
sive portion of a surgical probe within a patient's body. A computer associated with that system determines the position 
and orientation of the invasive portion of the surgical tool by correlating the position of the tool relative to a predeter- 
mined coordinate system with the position of a model of the patient's body defined in relation to the predetermined coor- 
dinate system. The modelling is accomplished by placing at least three non-collinear reference points on the patient 
The reference points may be ink spots, tattoos, radiopaque beads, or fiducial implants on the patient After the patient 
is imaged with the fiducial markers in place, the interventionist must place the tip of the surgical probe at each of the 
reference points on the patient to establish the relationship between the reference points in the model space and their 
current physical locations in the predetermined coordinate system of the patient space. 

[0006] In accordance with the present invention, a frameless stereotactic surgical apparatus is provided The surgical 
apparatus includes an imaging device defining a coordinate system in scanner space II. The imaging device is adapted 
to receive a patents body thereon and generate patient first body image information in image space regarding the 
patent s body located in the scanner space II. A localizer device is provided having a base portion mounted in a fixed 
relatonship to the imaging device and a free end adapted for selective movement into varied positions adjacent the 
paterrt body disposed in said scanner space II. A position transducer associated with the localizer device generates in 
a localizer space R , first tip location information of the free end of the localizer device relative to the base portion of the 
localizer device. A transform processor is adapted to convert the first tip location information in the localizer space R 
to first converted tip location information of the free end of the localizer device in at least a one of the scanner space II 
and the image space n. 

[0007] The invention permits image-guided minimally invasive stereotactic surgical procedures to be performed with- 
out the need for implanting fiducial markers in the patient. In addition, the invention makes it possible to provide an auto- 
matic transformation between a surgical tool in a localizer space and the couch upon which a patient rests in scanner 
space so that the position of the surgical tool, together with an image of the patient in an image space, can be displayed 
as a composite view on a display monitor or the like. 

[0008] The frameless stereotactic arm apparatus can be connected from overhead directly to the imaging apparatus 
rather than to the patient's head or to a stereotactic head frame. 

[0009] ways of carrying out the invention will now be described in detail, by way of example, with reference to the 
55 accompanying drawings, in which: 

FIGURE 1 is a diagrammatic illustration of a frameless stereotactic scanner system including an arm apparatus for 
image guiding surgical instruments in accordance with the present invention; 
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FIGURE 2 is a perspective view of the frameless mechanical arm assembly carrying a guidance device formed in 
accordance with the present invention; 

FIGURE 3 is a diagrammatic illustration of the planning image processing performed with the apparatus of FIGURE 
5 1; 

FIGURE 4 is a perspective view of a locator device engaged with a calibration phantom in accordance with the 
present invention; 

10 FIGURE 5 is a view of a portion of the calibration phantom of FIGURE 4 shown in cross section; 

FIGURE 6 is a flow chart of a preferred method for calibrating the mechanical arm of the frameless stereotactic 
tomographic scanner system shown in FIGURE 1 ; 

is FIGURE 7 is a schematic illustration of the method shown in FIGURE 6; 

FIGURE 8 is a perspective view of the frameless stereotactic arm assembly and interventionist control panel sup- 
ported from overhead in a parked position on the CT scanner in accordance with the present invention; and 

20 FIGURE 9 is a view in cross section of the mechanical arm carriage and a locking mechanism formed in accord- 
ance with the present invention. 

[001 0] Referring now to the drawings, with reference first to FIGURE 1 , a patient table or support 1 0 includes a patient 
supporting surface 12 that is mounted for longitudinal movement relative to a base portion 14. The base portion 14 

25 includes a motor for raising and lowering the patient support surface 1 2 and for moving the patient support surface lon- 
gitudinally Position encoders are also provided for generating electrical signals indicative of the height and longitudinal 
position of the patient support The patient support includes a calibration and verification area 16 disposed at a known, 
fixed location. The calforation and verification area is adapted to receive a calibration phantom for calibrating the system 
in accordance with the present invention and in a manner subsequently described. 

30 [0011] A planning, preferably a volumetric diagnostic imaging apparatus 18 is disposed in axial alignment with the 
patient table such that a patient or subject on the patient support surface 12 can be moved into and through a bore 20 
of the volumetric imager. In the illustrated embodiment the volumetric imager is a CT scanner which includes an X-ray 
tube mounted for repeated circular travel within a preselected plana The X-ray tube projects a fan-shaped beam of radi- 
ation through a ring 22 of radiation translucent material, through the patient support 12, through a region of interest of 

35 the subject, and to a ring or arc of radiation detectors positioned opposite the X-ray tube. As the X-ray tube rotates 
within the plane, a series of data lines are generated, which data lines are reconstructed into at least a slice image by 
a reconstruction processor included in a control console 24. The control console is typically remotely located in a 
shielded room adjacent the scan room. More specifically to the preferred embodiment, the patient support 12 moves 
longitudinally as the X-ray tube is rotating around the subject such that a selected volume of the patient is scanned 

40 along a spiral path or a series of slices. The position of the X-ray tube is monitored by a rotational position encoder, and 
the longitudinal position of the patient support is monitored by a longitudinal position encoder within the table 10. The 
reconstruction processor reconstructs a volumetric image representation from the generated data lines. The control 
console 24 typically includes one or more monitors 26 and various standard operator input devices such as a keyboard, 
tracWjall, mouse, or the like. An interventionist control console 28 is supported from overhead on a track atop the CT 

45 scanner. 

[001 2] A mechanical frameless stereotactic arm assembly 30 is supported from overhead by a carriage 32 movable 
on an oval track system 34 affixed to the top of the volumetric diagnostic imaging apparatus 18 as generally shown. The 
carriage is preferably lockable in one or more predetermined fixed locations on the oval track so that a minimally inva- 
sive surgical instrument 36 carried on an interchangeable surgical instrument guidance device 100 formed in accord- 

so ance with the present invention can be positioned in monitored positions and orientations by an interventionist in 
preparation for and in carrying out a surgical procedure. The surgical instrument illustrated in the FIGURE includes a 
laser guided biopsy needle 38 carried by a combined laser and cannula guidance device 102. Overall, however, the 
position and orientation of the guidance device and the surgical instrument carried thereon are determined by the posi- 
tion of the mechanical arm assembly 30 and the location of the carriage 32 on the oval track system 34. 

55 [001 3] The frameless stereotactic arm assembly 30 is shown generally in FIGURE 2 and includes a plurality of arm 
segments which are interconnected by pivot members forming joints between the arm segments. In that way, a free end 
40 of the arm is selectively movable in multiple orientations as necessary to position the surgical instrument 36 into var- 
ious desired positions over the patient support 12. A base member 42 is rigidly connected to the carriage 32 using surt- 
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able fasteners, epaxies. or the like. A base joint 44 permits rotation of a primary support member 46 in a direction 
marked A. Similarly, from the immovable base end of the arm, a shoulder joint 48 permits rotation of an upper arm 
member 50 in a direction marked B, an elbow joint 52 permits rotation of a lower arm member 54 in a direction marked 
C, a forearm joint 56 permits rotation of a knuckle member 58 in a direction marked D, and, lastly, a wrist joint 60 permits 

5 rotation of a wrist member 62 in a direction marked E. 

[0014] In accordance with the present invention, at least one position resolver, preferably an optical incremental 
encoder, is provided at each joint of the mechanical arm assembly 30 to monitor increment articulation and rotation of 
the arms relative to each other for reasons that will subsequently become apparent. The optical incremental encoders 
generate feedback pulses indicative of the relative angular and rotational position of the various arm members with 

10 respect to each other in a well known manner. The feedback pulses are carried back to an imaging apparatus control 
circuit using suitable wires or flexible shielded cables extending through the multiple merrtoers of the arm assembly. In 
that way, the position and orientation of the wrist member 62 with respect to the imaging apparatus reference frame and 
the volumetric image representation obtained by the imaging apparatus can be determined. 

1001 5] The position and orientation of surgical instruments carried by the arm assembly relative to the imaging appa- 
15 ratus reference frame and the volumetric image representation obtained by the imaging apparatus are resolved by pro- 
viding interchangeable surgical instrument guidance devices 100 having a unique identification signal. The 
identification signal is used by the imaging apparatus control circuit to index a look up table for retrieving various phys- 
ical dimensional and other functional parameters corresponding to the one or more guidance devices connected to the 
wrist member 62. In this manner, the physical dimension and other functional parameters, together with the mechanical 
20 interconnection which is measured by the resolvers and encoders, provides an accurate indication of the position and 
orientation of the guidance device 100 relative to the CT scanner and, hence, relative to the image acquired by the CT 
scanner. 

[0016] With reference now to FIGURE 3, an instrument coorcfinate circuit 72 determines the position and trajectory 
of the surgical instrument 36 in instrument space, particularly a coordinate system of the instrument. The instrument 

25 coordinate circuit includes a guidance device identification circuit 74 and a mechanical arm assembly position circuit 
76. The guidance device identification circuit 74 receives the device identification signal from the one or more guidance 
devices connected to the mechanical arm and indexes a look up table 78 to retrieve dimensional and functional infor- 
mation. The mechanical arm assembly position circuit 76 is connected with the incremental resolvers on the mechani- 
cal arm assembly 30 to receive signals indicative of changes of position and orientation of the mechanical arm in 

30 instrument space. An instrument-planning scanner correlating processor 80 determines the correlation or transform 
between the surgical instrument 36 and the volumetric scanner 18 coordinate systems. The correlation or transform is 
normally described in terms of offset, particularly offset along the axis of the patient support, angular offset or rotation, 
and scaling. 

[0017] In the preferred embodiment, a calibration instrument such as a precision localizer device 103 is touched to a 
35 set of spaced apart markers, preferably eight, which are disposed in a known relationship to the volumetric scanner 
coordinate system. The markers are preferably in the form of a calibration phantom 120 located in the calibration 
marker area 16. By measuring the coordinates of the calibration instrument in the instrument coordinate system while 
touching each marker, eight or more common points in the two coordinate systems are determined. By determining a 
barrycentre or other characteristic of the common points, but preferably a difference between the centroids of the com- 
40 mon points, the offset between the two coordinate systems is determined. By determining the angular difference 
between the rays from the barrycentre to each point in each coordinate system, the angular offset is determined. By 
determining a difference in physical displacement between the barrycentre and the corresponding points in each coor- 
dinate system, the scaling factor is determined. 

[0018] In accordance with the present invention, the localizer device and the volumetric scanner are mechanically 
45 linked. Therefore, the transform or relationship between the volumetric scanner and the instrument coordinate system 
needs only to be calibrated once and, thereafter, is predetermined from the mechanical interconnection between the 
component parts. The touching of the markers need only be performed once and subsequently used merely to confirm 
that the instrument and the CT scanner coordinates have not become misaligned between interventional procedures. 
[001 9] Using analogous mathematics or known mechanical relationships as above, an instrument to patient table cor- 
so relating processor 82 determines the correlation or transform between the patient table and the surgical instrument. 
Preferably, the calibration phantom described above having the plurality of markers is positioned in a known repeatable 
position on the table to provide a large number of corresponding points in both coordinate systems for the correlating 
process. Images of the calibration phantom 120 are utilized to derive transforms between patient table space and plan- 
ning or real time image coordinate systems. 
55 [0020] Table resolvers 84 located in the patient table contribute vertical and longitudinal offsets to the correlation 
between the surgical instrument and the patient table when the table is raised or lowered and when the patient support 
12 is moved axially. An instrument to patient correlation processor 86 determines a correlation between the surgical 
instrument system and a patient coordinate system. This may be done to provide reassurance to an interventionist by 
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^ n ^ 9 ^ Ur9iCal instrument 011 three or "we known reference points on the patient Such points might include read- 
aligned during the volumetnc imaging process, or the like. 

[0021] In addition to theabove. fiducial points on the scanner (e.g.. patient support) can be used to verify the accuracy 
tf to port trajectory localizer within the scanner's coordinate system. In the present Ir^ntioMheSnV i^SS 

patent volume data set by resolving and reporting the position of the couch to a display sub-system TTieVesolved 

po*bon *d.gmzed and feedback to the display system where adjustments are made to maintain the regTstration 
SS «* uabon * for Pa^nt support movements are as follows: Let the distance of the first image (i.e reference 
r^e^ST 2 9 *• Pa,, ' en, 8WOrt) ,r0m *• aperture <*° in scanner coordinates) aJong the z S 

D m« « bn^. |h» v« m = (P[Z] „„ z ta,^. p, .uppon -P[z] pm<at pt , opport ). 



20 [0023] Then the equation tor the transformations for patient support movements are as follows: 
Localizer Tip [z] = Localizer Tip .™ «. ri [z]-D , tam «. fran 

rnenls SUSHT ^ 2 ■* A Similar ™ be «■« .*» the patient support move- 

[0024] If the reference image is in the aperture, then 

30 

D max x bnagfi from aperture = 0 

35 

and 



Localizer Tip [z] = Localizer Tip ^ereoom [z] 



[0025] Thus, if the localizer has a z value in scanner coordinates which is the same as the reference image, then 
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D mix Xmif. from «p«fMR = Localizer Tip tanner c«rd [z] 

and 

Localizer Tip [z] = 0 



which is the z-axis origin of the image space. 

[ ? 026 i Pat"*? restraint mechanisms (not shown) can be used in order to prevent gross movements of the patient rel- 
ative to the patent support. 

[0027] An instrument to volumetric image coordinate system transform processor 88 receives the conelation or trans- 
form from the surgical instrument to planning image processor 80. The instrument to volumetric image processor oper- 
ates on input position and orientation coordinates in image space to transform them into volumetric image data space 
and visa versa. Knowing the position of the surgical instrument in volumetric or planning data space enables the instru- 
ment position and orientation to be superimposed on the volumetric planning image data 

[0028] During a medical procedure, the patient is positioned in the volumetric planning scanner and a volumetric 
image is generated. The volumetric image is stored in a volumetric or planning data memory 90. The position of the 
patient table during the generation of the planning data, particularly as the table moves to generate spiral or slice data 
is stored in conjunction with the volumetric planning data such that the data is correlated with the patient table coordi- 
nate system. The operator control console 24 controls the volume planning image data memory or a video processor 
f"?? ? selected s,lces ' Projection images, surface renderings, or other conventional displays of the data are gen- 
erated for display on a planning image display 94. Preferably, the planning image display includes corresponding sag- 
ittal, coronal, axial, and oblique slices through a common point of intersection. a 
[0029] Because the planning image display is generated before the surgical procedure, the planning movement of the 
surgical instrument is preferabty displayed in the planning image coordinate system on the interventionist control con- 
sole 28. The coordinates and trajectory of the surgical instrument are conveyed by the instrument to planning image 
transform processor 88 for conversion into the planning image coordinate system The location and trajectory of the 
instrument in the planning image coordinate system is communicated to the video processor 92 which superimposes 
the surgical instrument position and trajectory on the CT data display. The mechanical arm assembly generates infor- 
mation that re converted to cursor position signals and virtual needle displays which are transformed into the planning 
image coordinate system and communicated to the video processor 92 to generate a movable cursor point and a virtual 
needle representation on the planning image display 94. Preferably, the cursor is positioned at the point of intersection 
of concurrently displayed transverse, coronal, and sagittal views on the volumetric image display 94. As the operator 
moves the cursor control on the interventionist control console 28 through volumetric image data space or as the sur- 
gical instrument 36 on the mechanical arm assembly 30 is moved over target areas on the patient, the sagittal coronal 
and transverse views on the interventionist control console 28 change conespondingry. 
45 [0030] FIGURE 4 illustrates the preferred embodiment of the verification and calibration phantom 120 of the present 
invention. Wrth reference now to that FIGURE, the phantom 120 includes a plurality of X-ray imageable markers 122 
supported in a three dimensional spaced apart relationship by an X-ray opaque phantom body member 124. Preferably 
the markers 122 comprise eight precision ground ball bearings formed of stainless steel or regular high carbon steel 
suitable for medical use. The phantom body 124 is preferably formed of a clear acrylic plastic in the shape generally as 
shown including a flat bottom surface 126 adapted to engage the scanner table 12 at a repeataWe predetermined posi- 
tion in the calibration and verification area 16 described above. In addition, the phantom body includes a front and back 
side 128, 130, left and right sides 132, 134, and, lastly, a top side 136. Each of the markers 122 are disposed in the 
calibration phantom 130 in a manner substantially as shown to provide adequate separation between the markers in all 
three orthogonal axes of the imaging apparatus (x. y, z) in order to ensure accurate and complete three dimensional 
calibration thereof. In that regard, each of the markers are separated from each other within the phantom body by 
approximately six (6) inches. ' 1 

[0031] A specialized manually posrtionabie localizer device 103 is illustrated attached to the free end of the mechan- 
ical arm assembly 30. The localizer device includes a hardened probe tip 104 which, as illustrated, is substantially cir- 
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^.«m J^ driCal CrOSS sectton and indudin 9- 00 80 ex*' 8 "* end thereof, a precision ground flat contact face 106 

(FIGURE o). 

[0032] With continued reference to FIGURE 4, the localizer device 1 03 is shown engaged with a first calibration 
marker 140 disposed in a top left comer of the calibration phantom. In order to ensure that the localizer device is prop- 
erty oriented with respect to the orthogonal axes of the imaging device, access to the plurality of markers within the cal- 
ibration phantom are restricted by corresponding sets of probe tip guide surfaces 142. In that regard, FIGURE 5 
illustrates a representative probe tip guide surface formed in accordance with the present invention 

"^i! 19 n °" to ** FIQURE - t0 P left "Wker 140 is received within a pocket 144 formed on the front side 
1 28 of the calibration phantom 120. An alignment area 146 is provided adjacent the pocket region 144 in a manner sub- 
stantially as shown. The alignment area 146 is substantially circularly cylindrical in inner diameter cross section and 
further, is adapted in size and shape to substantially correspond with the circularly cylindrical cross sectional outer 
diameter of ttieprobe tip 104 on the localizer device 103. The inner diameter is formed in a precise parallel relationship 
with one of themajor axes of the imaging device and in a precise perpendicular relationship with the remaining otheV 
major axes of theimaging device. In that way, the alignment area 146 acts to orient the localizer device into alignment 
with the major orthogonal axes of the imaging device 18. 

[0034] A small tapered lead-in surface 148 is provided between the alignment area 146 and the front side 128 of the 
^■oration phantom. The lead-in surface may take on any shape but. preferably, is smoothly tapered so that the contact 
face 1 06 of the probe tip 104 can be easily guided toward and then into engagement with the top left marker 14a In the 
above descnpfcon, although a single marker was described, the description thereof is equally applicable to the other 
markers 122 disposed in the phantom body 128 and. although only the alignment area 146 and lead-in surface 148 of 
a single probe tip guide surface 142 was described, the description thereof is equally applicable to the other guide sur- 
faces disposed on each of the front, back, left, right and top sides of the calibration phantom 120. 
i^f 1 <0 TU ?" 9 " 0W to FIGURES 6 and 7. the preferred method of calibrating the stereotactic arm 30 to the imaging 
1^°° L ™" descnbed - 708 method incites, at a first step 150, imaging the calibration phantom 120. The image 
of the phantom is stored in the planning data memory 90 as an image volume data set (FIGURE 3). Next, each of the 
plurality of markers 122 are probed using the localizer device 102 to derive a set of localizer tip position coordinate infor- 
mation in localizer space R and a corresponding set of marker image location information in scanner space II. 
[0036] After imaging the phantom in step 150, the first marker is probed at step 152. In order to probe the first marker 
" t f h " l . c,an ,irst ,ind °» *• makers within the phantom body 124 and then engage the contact face 

106 of the localizer device 103 to the markers 122 disposed in the phantom body, one at a time, in a manner substan- 
tially as shown 'nRQURE 4. While the contact face is in engagement with each of the markers, a button, switch, or 
other suitable feedback device on the operator s console 28 is actuated to read, at step 154, the position of the localizer 
device in localizer space R. 

[0037] The localizer position in localizer space R is derived substantially in a manner as shown in FIGURE 7 In that 
35 regard, ipon actuation of the suitable switch mechanism on the operator panel, the angular position of each of the joints 
of the mechanical arm assembly are interrogated to obtain their position values. More particularly, the wrist, forearm 
elbow, shoulder, and base optical position encoders are accessed in step 1 54 to retrieve their respective encoder count 
values 170-1 78 respectively. The count values are easily translated into angular values using well known techniques A 
Denavn-Hartenberg transform 180 is implemented to convert the multiple angles of the stacked series of mechanical 
40 arm merrtoersinto a single coordinate point value in localizer space R,. Similarly, the position of the marker 140 
engaged with the contact face 106 is derived in scanner space I1 156. The position of the localizer device in localizer 
space R and the position of the marker in scanner space II are stored in a temporary memory at step 1 58 
[0038] The steps described above are repeated for each of the plurality of markers 122 disposed in the body 124 of 
the calibration phantom 120. According to the preferred embodiment of the instant invention, the steps are repeated 
is eight times, once for each marker. ^ «*>eawa 

I0039, „ jJHf ? ttlS pairs 01 localizer * Positions in localizer space R and marker positions in scanner space II 
Zl™ ^ & , S '," 9 8 Va '" e decom P°s«°« Process 160 is performed on the set of localizer tip information in localizer 
space R^milarty, a angle value decomposition is performed, at step 162, on the set of marker locations in scanner 
space II. The single value deposition of the set of localizer device positions in localizer space results in a centroid 182 
! n '™*.f P A Ce R • s,rrtlar| y' 108 single value decomposition of the set of marker coordinates in scanner space result 
in a centroid 184 in scanner space II. A difference calculation is performed at step 164 between the centroid in localizer 
space182 and the centroid in scanner space 184. The resultant difference is a localizer space to scanner space vector 
166 The vector rs stored in a suitable memory location within the imaging device tor use in translating localizer space 
coordinateej to scanner space coordinates tor the display of patient image data and mechanical arm image data onthe 
operator and display panel 28 as the arm is moved adjacent the patient in a manner substantially as described above 
[0040] Turning now to FIGURES 8 and 9, and also, with reference to FIGURE 1. the imaging apparatus 18 includes 
an overhead carnage support track 200 adapted to support the stereotactic arm assembly 30 and the interventionist 
control panel from overhead and conveniently off of the scanner room floor. The carriage support track provides a set 
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of detent positions 202 for the mechanical arm assembly along a generally oval track 204 which, in its preferred con- 
struction, is rigidly attached to the top of the imaging device as shown. The detent positions include a left 206, centre 
208, and right 210 detent positions at which a locking mechanism 212 engages the track 204 to rigidly locate the 
mechanical arm assembly at predetermined repeatable positions along the face of the imaging device. FIGURE 1 
shows the mechanical arm assembly at the centre 208 position. FIGURE 2 shows the mechanical arm asserrtty 30 and 
interventionist display and control console 28 in their parked positions. In accordance with the present invention, the 
imaging apparatus includes an interlock circuit (not shown) to enable x-ray imaging of specimens only when the over- 
head apparatus are arranged as shown in FIGURE 8 in the parked position. 

[0041] Turning more particularly to FIGURE 9. the locking mechanism 212 includes an electric solenoid device 214 
responsive to commands from the imaging apparatus to move a plunger pin 216 against the force of a spring merrfcer 
218 out of engagement with a locating hole 220 provided at the left, centre, and right detent positions along the track 
204. In accordance with the preferred embodiment of the invention, the carriage merrtber 32 of the mechanical arm 
assembly is adapted to receive the plunger pin 216 therethrough. In that way, accurate and repeatable location of the 
mechanical arm is achieved. In addition, the track 204 is provided at each of the left, centre, and right detent positions 
with a cam follower rail 222 and a reinforcement back rail 224. The cam follower rail 222 provides additional forward 
support to the carriage 32 against the torque created by the weight of the mechanical arm asserrfcly. The reinforcement 
back rail 224 ensures that the carriage is in proper alignment with the three major orthogonal axes of the imaging appa- 
ratus 18. Lastly, in connection with the locking mechanism 212 shown in FIGURE 9. a magnetic reed switch 226 is pro- 
vided at each of the left, centre, and right detent positions to generate a signal for use by the interlock control circuit of 
the imaging apparatus descrfred above to indicate the location of the carriage at a one of the detent positions. 
[0042] Operationally, in order to move the mechanical arm asserrtWy from the parked position illustrated in FIGURE 
8 to the centre detent position 208 illustrated in FIGURE 1 , an interventionist activates a suitable button or switch on the 
interventionist control panel 28 whereupon the solenoid device 214 is actuated to withdraw the plunger pin 216 from 
engagement with the locating hole 220. Suitable wheels, slides, or other low friction interface provided between the 
track 204 and carriage 32 enables the latter to be moved along the track manually. In accordance with the present 
invention, however, the carriage 32 is slidably connected to the track 204 using a plurality of opposing precision wheel 
members 230 supported on the carriage by suitable precision roller bearings or the like. The wheel members are 
adapted to engage corresponding opposed precision surfaces 232 formed in the track. 
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A frameless stereotactic surgical apparatus comprising: an imaging device (18) defining a coordinate system in 
scanner space II, the imaging device being adapted to receive a patient body thereon and generate first patient 
body image information in image space n regarding the patient body located in said scanner space II; a localizer 
device (30) having a base portion mounted in a fixed relationship to the imaging device and a free end adapted for 
selective movement into varied positions adjacent the patient body disposed in said scanner space II; a position 
transducer (76) associated with the localizer device to generate, in a localizer space R. tip location information of 
said free end of the localizer device relative to the base portion of the localizer device; and a first transform proces- 
sor (72) adapted to convert said tip location information in said localizer space R to converted tip location informa- 
tion of said free end of the localizer device in at least one of said scanner space II and said image space n. 

2. Frameless stereotactic surgical apparatus as claimed in claim 1, wherein the first transform processor (72) is a 
localizer space to scanner space transform processor (164) adapted to convert said tip location information in said 
localizer space R to said converted tip location information of said free end of the localizer device in said scanner 

45 space II. 

3. Frameless stereotactic surgical apparatus as claimed in claim 2, wherein the imaging device is adapted to generate 
localizer tip position information (80, 1 54) in said image space n based on said converted tip location information in 
said scanner space II. 

Frameless stereotactic surgical apparatus as claimed in any one of claims 1 to 3, wherein the imaging device 
includes a video processor (12) for displaying said first patient body image information in said image space n 
together with said localizer tip position information in said image space n on a human readable planning image dis- 
play (94). 

Frameless stereotactic surgical apparatus as claimed in claim 4, wherein: the localizer device (30) is adapted to 
move from a first position near the patient body to a second position near the patient body along an arbitrary path* 
the position transducer (76) is adapted to continuously generate, in said localizer space R, said tip location infor- 
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mation as the localizer device is moved along said arbitrary path; the localizer space to scanner space transform 
processor (164) is adapted to continuously convert said tip location information in said localizer space R to said 
converted tip location information in said scanner space II as the localizer device is moved along said arbitrary path; 
the imaging device (18) is adapted to continuously generate said localizer tip position information in said image 
space n as the localizer device is moved along said arbitrary path; and the video processor (92) is adapted to con- 
tinuously display said localizer tip information, as the localizer tip information is generated, together with said 
patient body image information, on said human readable planning image display (94). 

6. Frameless stereotactic surgical apparatus as claimed in any one of claims 1 to 5, wherein the localizer device (30) 
and the imaging device (18) are adapted to mount the base portion (42) of the localizer device at a plurality of fixed 
positions (206, 208, 210) on the imaging device. 

7. Frameless stereotactic surgical apparatus as claimed in claim 6, wherein: the imaging device (1 8) includes an over- 
head support track (200) defining said plurality of said fixed positions; and the localizer device (30) is movable rel- 
ative to the track assembly and is adapted for selective locking engagement with the track assembly at respective 
ones of said plurality of fixed positions (206, 208, 210). 

8- Frameless stereotactic surgical apparatus as claimed in any one of claims 1 to 7, further including a calibration 
phantom (120) adapted for selective mounting in a fixed relationship to the imaging device, the calibration phantom 
(120) Including a plurality of imageable touch point sites (122) in at least three cfimensions in said localizer space R 
and said scanner space II. 

9. Frameless stereotactic surgical apparatus as claimed in claim 8. wherein said localizer space to scanner space 
transform processor (164) is adapted to generate a localizer space to scanner space transform vector (166) based 
on a difference between a first centroid developed in said localizer space R and a second centroid developed in 
said scanner space II. 

10. Frameless stereotactic surgical apparatus as claimed in claim 9, further comprising: means (160) tor developing 
said first centroid in said localizer space R based on a set of tip location information (170-178) generated by said 
position transducer by positioning said localizer device at said plurality of imageable touch point sites; and means 
(162) for developing said second centroid in said scanner space II based on a set of calibration phantom image 
information (156, 158) generated by said imaging device by positioning said localizer device at said plurality of 
imageable touch point sites. 
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